Introduction
The two-Higgs-doublet model (2HDM) is one of the simplest extensions of the SM, only based on the enlargement of the scalar sector by one more doublet. With this small assumption a rich phenomenology is provided, making the model very interesting not only by itself but also as part of some other extensions of the SM. Without any other model-building constraint, the structure of the Yukawa Lagrangian results in
whereQ ′ L andL ′ L are the left-handed quark and lepton doublets respectively and f ′ R (f = u, d, l) the right-handed fermions. The scalar fields are defined in the Higgs basis
where only the first doublet acquires a vacuum expectation value (VEV), v, and contains the Goldstone bosons, G ± and G 0 . The physical degrees of freedom of the scalars are five, two charged fields, H ± , and three neutrals that need to be rotated to be mass-eigensates,
are the charge-conjugated scalar fields and M ′ f and Y ′ f the corresponding Yukawa matrices. Since each right-handed fermion is coupled to two unrelated matrices that in general cannot be diagonalized simultaneously, dangerous FCNC interactions are automatically generated when going to the mass-eigenstate Lagrangian. To avoid (or suppress) these FCNCs, which are strongly constrained by the experiments, many models have been developed from the general 2HDM. A new approach based on the alignment of the Yukawa matrices in flavour space was presented in [1] . It opens an alternative where FCNCs are absent at tree level and, in addition, the presence of three complex parameters preserves the possibility of having new CP violating sources, which is not possible in other models.
The Aligned two-Higgs-doublet model
The alignment condition in flavour space means
with ς f arbitrary complex numbers. These conditions imply that Y ′ f are not arbitrary anymore but proportional to M ′ f so they can be simultaneously diagonalized:
In terms of mass-eigenstate fields, the Yukawa Lagrangian takes then the form
where V is the CKM matrix,
and the neutral couplings y
f are given in [1] . This Lagrangian has the following features: all fermionic couplings are proportional to the mass matrices and the neutral Yukawas are diagonal in flavour. The only flavour-changing structure is the matrix V , appearing in the charged current part of the quark sector, like in the SM. There are three new complex parameters, ς f , encoding all the possible freedom allowed by the alignment conditions. They are universal (flavour blind), do not depend on the scalar basis (contrary to the usual tan β), recover in some limits all Z 2 -type models, and their phases introduce new sources of CP violation without tree-level FCNCs. This fact represents a counterexample to the very well established idea that the only way of having new CP violation in the electroweak sector of a 2HDM is breaking flavour conservation in neutral current interactions.
Radiative corrections
The alignment condition is not directly protected by any symmetry, therefore quantum corrections could induce some misalignment generating small FCNCs, that are suppressed by the corresponding loop factors. Nevertheless, the flavour structure of the A2HDM strongly constraints the possible FCNC interactions. The Lagrangian is invariant under flavour dependent phase transformations of the fermion mass eigenstates
. Due to this symmetry, lepton flavour violation is zero to all orders in perturbation theory, while in the quark sector the V matrix remains the only source of flavourchanging phenomena. The possible FCNC structures,
, or similar structures with additional factors of V , V † and quark mass matrices. Therefore, at the quantum level the A2HDM provides an explicit implementation of the popular Minimal Flavour Violation (MFV) scenarios [3, 4, 5, 6, 7, 8, 9, 10] , but allowing at the same time for new CP violating phases.
Using the renormalization group equations [11, 12, 13] , one finds that the one-loop gauge corrections preserve the alignment, and the only FCNC operator is [2] 
in the complex plane, in units of GeV −2 , constrained by leptonic and semileptonic decays. The inner yellow area shows the allowed region at 95% CL, in the case of ς d ς * l /M 2 H ± using additional information.
which of course vanishes in all Z 2 -type models. It is suppressed by m q m q ′ /v 3 and quark-mixing factors, which implies interesting effects in heavy quark systems likes L b R andc L t R .
Phenomenology
One of the most important features of the A2HDM is the presence of a charged Higgs. In [2] we analyzed the most relevant flavor-changing processes that are sensitive to charged-scalar exchange and determined the corresponding constraints on the model parameters. We discussed tree-level processes, τ → µ/e, P − → l − ν l and P → P ′ l −ν l , where P is a pseudoscalar meson, and loop-induced processes, ∆M Bs , ǫ K , Z → bb andB → X s γ.
Pure leptonic decays give a direct bound on |ς l |/M H ± ≤ 0.40 GeV −1 at 95% CL. Combining this and the information from the other tree-level processes discussed in [2] , bounds on ς u ς * l /M 2 H ± and ς d ς * l /M 2 H ± parameter space were obtained. Figure 1 shows the resulting limits at 95% CL. These limits are rather weak, allowing the model to fit the experiments in a wide range of its parameter space. Thus, the A2HDM results in a more versatile model than other two-Higgsdoublet models. Loop-induced processes offer direct bounds on ς u and ς d . No significative constraints on ς d can be found from ∆M Bs , ǫ K and Z → bb, because ς u -terms are enhanced by the top mass in comparison to ς d -terms. However, quite strong bounds on ς u are found. Figure 2 shows the allowed |ς u | − M H ± parameter space at 95% CL for values of ϕ ∈ [0, 2π] and ς d ∈ [0, 50], given by ǫ K , which is the most constraining.B → X s γ gives information in both ς u and ς d . Figure 3 shows the resulting constraints on ς u − ς d plane for complex (left) and real (right) couplings. M H ± is scanned over the range [80, 500] GeV while ϕ ∈ [0, 2π] in the complex case. The main conclusions coming from this figure are the following: First, large couplings of opposite sign are forbidden in the real case. Second, the role of a non-vanishing relative phase is to allow some parameter space which is excluded in the real case. And finally, the product |ς d ς * u | ≤ 20. Again, we find weaker limits than in other models, showing that the A2HDM gives more possibilities to accomplish the experimental constraints.
CP violation
TheB → X s γ decay is known to be very sensitive to new physics because the SM prediction for the CP rate asymmetry (a CP ) is tiny. Requiring that the experimental branching ratio should be correctly reproduced (at 95% CL), we find the results shown in figure 4 . We see that the maximal asymmetry is compatible with the experimental measurement at 95% CL within the scale dependence of the prediction. Then, we conclude that the A2HDM prediction for this observable does not give new constraints on the parameter space that are not already given by the branching ratio, although it reaches the experimental bound. Therefore, a precise measurement of this asymmetry and a more accurate calculation in both SM and 2HDM parts of the branching ratio would be very interesting.
Some months ago, the D0 experiment measured an enhanced like-sign dimuon charge asymmetry [14] in the B s system incompatible with a purely SM rate. In [2] we concluded that although the D0 central value is quite unlikely, it is possible to accommodate an enhanced a CP within the A2HDM. Figure 5 shows how large is this enhancement (a A2HDM CP /a SM CP ) depending on the relative phase ϕ, where the bound on the product |ς * u ς d | < 20 coming fromB → X s γ has been taken into account. From the plot we see that the asymmetry can be enhanced even 60 times compared to the SM. 
Conclusions
The A2HDM provides a powerful realization of a 2HDM with no tree-level FCNCs and three complex parameters ς f . These parameters are new sources of CP violation, flavour blind, scalar basis independent and recover in some limits all the models implemented by discrete Z 2 symmetries. This parametrization allows for more freedom and accomplishes all the experimental constraints. Some misalignment can come from quantum corrections, only as MFV structures which are under control and just occur in the quark sector. Processes involving a charged Higgs give information on the parameters ς f , although they result in weaker limits compared to the usual scenarios with Z 2 , where the freedom introduced by the ς f phases does not exist. The CP asymmetries generated inB → X s γ and in the B s systems within the A2HDM enhance the SM prediction in complementary regions. The predicted asymmetry forB → X s γ does not give new bounds on the parameter space compared to the branching ratio, regarding this process, a more precise measurement and a complete calculation reducing the theoretical error are essential. On the other hand, if the experiments confirm a large asymmetry in B s , it could be perfectly accommodated in this framework.
